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(57) Das erfindungsgema&e Reinigungsverfahren dient zur Reinigurig von Plasma-ProzeGabgasen, die bei 
Plasmaanlagen entstehen, wie z. B. beim plasmachemischen Atzen von Substraten fur die Mikroelektronik. Ziel der 
Erf in dung 1st es, die beim plasmachemischen Atzen anfallenden schSdlichen Gase und Dampfe mlt hoher Effektivitat 
zu reinigen. Das Wesen der Erfindung besteht darin. daB die Gase und Dampfe zwfschen Plasmareaktor und 
Vakuumpumpsystem uber etn Reaktionsmaterial geleitet werden, welches durch Beaufschlagung mittels eines 
Plasmas aufgeheizt und abgestfiubt wird, wodurch sich die Kontaktflachen des Reaktionsmaterials standig erneuern. 
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Verfahren und Vorriohtung sum Reinigen von Oaaen und 
DHmpf en aus Plaamaanlagen 

Anwendungegebiet der Erfindung 

i 

/ 

Baa erfindungsgemSBe Re inigunge verfahren dient zur Reinl- 
gung von Plaema-Prozeflabgasen, die bei Plaamaanlagen ent- 
Btehen, wie z« B« be in plaamaohemiaohen Atzen von Subatra- 
ten fttr die Mikroelektronik. 

Charakteriatik der bekannten teohnlaohen LBaungen 

Die Reinlgung der bei plaamaohemiachen Atzprozeaaen ent- 
atehenden Gaae und Dttmpfe iat vor Eintritt in daa dieae 
Gaae und Dj&apfe abeaugende Pumpayatem erforderlich, um . 
die Vakuumpumpen vor Korroaion zu aohlltzen. Pernor iat 
ea aus Grttaden dea Unweltaohutzea erforderlioh, dieae 
zum Veil tpxisohen Gaae und DSmpfe zu reinigen, 
Ein zur Reinigung der Gaae und Dampfe bekanntea Verfahren 
be a tent darin, dafi zwiaohen Plasmareaktor und Vakuumpumpe 
eine (Diefktihlfalle angeordnet iat, in der die Gaae und 
D&apfe in den festen Aggregatzuatand tibergehen, Dieaea 
Verfahren hat den Uaohteil, dafl zur Reinigung der Tie f-. 
kUhlfalle die eingefrorenen Gaae und Dampfe erneut in 
die Dampf phase gebraoht und ttber ein seperatea Abgaa- 
aystem abgeleitet werden mtiesen. Naohteilig iat hierbei 
auch die erforderliche atSndige Erneuerung dea Tiefktthl- 
mittela. 
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Tetrachiorkoblei^to^ an 
einer auf oa. 500- ^^ a^ 

aponen)»in Eieen-(III)-ohlorid umzuwandeln. Dieses ftir 
die-Re ioigung dera^Mger Abgaae \gut.gee3Lgpete Ferfahren 
hat den iraohtetl, daB ein -groBer Energieaufwand exfor- 
derliqb let, urn die notweridige Reakt ions temper at ur von 
ca. 500 °C auf reobtzuerbalten. Ein weiterer Mangel be- 
fltebt darin, daB durob die hohen Temperaturen das Eiaen- 
(III)-oh4.brid verdarapft und init abgepumpt wire?. Sine 
Verunreinlgung des PumpenUles kann deanalb nioht var- 
mieden warden* Ferner muQ aufgrund der boben Tempera- 
turen vor der Vakuumpurapa noob eine Ktinleinriohtung an- 
gebracbt warden* 

Ziel - der Erf indung 

Ziel der Erf indung ist ee v die beim plaamaohemieohen 
Atzen anfallenden aohadlichen Gase und Dampfe mit bober 
EffektivitSt zu relnigen. 

Darlegung des We sens der Erf indung 

Der Erf indung liegt die Aufgabe zugrunde,ein Verfabren 
<tund eine dazugebtirige Vorriobtung zur Reinigung von Gaaen 
und DSmpfen, die bei Plaamaanlagen, wie z* B. beim plaama- 
chemisoben Atzen von Si-Subatraten anfallen, zu achaffen, 
die ea geatatten, dieae Gaae und Dampfe mit .weaentlicb 
geringerem Energieaufwand wartungs firmer und wirkungs- 
voller zu geatalten. 

Erf indungagemSB wird die Aufgabe dadurob gel Bat, daB die 
Abgaee zwiaohen Flaamareaktor und Vakuumpumpeneyatem in 
bereits vorgeaoblagener Weiae liber ein Reaktionamaterial 
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Re inigunge ver f ahrene dem re akt iven Plasma eih regelba- 
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Zur DurohfUhrung deB erf indungBgemHflen Verfahrens wlrd 
ein "t op?f Briiger 



enthalten J-»t, eingesetzt, dor slob daduroh auflzeiohnet;, 
dafi als ReakWonamaterial elne Metallplatte liber elne 
ieolierte Durobftlhrung in topff Brmigen BehHlter angeord- 
net 1st und dafi die Metallplatte mit elnem Pol einer 
8pannungequelle und der topffbrmige Beh&lter mit dem 
anderen Pol der Spannungaquelle verbunden 1st. 
Die Vorteile der erf indungBgemSflen LBsung bestehen darin, 
dafi duroh das reaktive Plasma das Reaktionsmaterlal auf- 
geheizt und gleiohzeitig abgeat&ubt wird, woduroh wesent- 
lioh weniger Energie ftir die Aufheizung dea Reaktiona- 
materlala als bei den bekannten Heizmethoden benBtigt 
wird, so dafi _ne ben Eisen auoh andere Metalle, wie z. B. 
Al oder Cu, verwendet warden kb'nnen. Ferner wlrd durch 
die atfindige .AbstBubung der ReaktionaflKchen der Reini~ 
-gungprozefi verbeasert. 
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Zur Reallslerung dea erf indungsgerngfien Verfahrens wird 
die in der Zeichnung dargeatellte Vorriohtung eingesetzt. 
Der Einfaohheit halber wird das Verfahren unhand der 
Wirkungeweise der Vorriohtung erlautert. 
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Die Reinigungseinheit beateht aus dem topff b'rmigen Behal- 
ter 1, der Uber den Deokel 2 und Vakuumdiohtung 3 ver- 
sohlossen 1st, Ferner 1st er mit einem Einlafistutzen 7 



• una-«*ne^T#ttB^^ 

nioht dargeatel^ 4afl ale 

sloh zwisofaen Fiasmafeak^or und- ValmujIiipumpSy^ t.e m b eiin- 
det. Im Behttlter 1 let liber die la lierte Durohftihrung 4 
das .Raaktipnaiaa^er^ali^^OjS^f #^^$^^eta3J^^1? *'..<__.. 
5 , gegentiber dam Behttlter 1 ieoliert arigeordnet. Die Me- 
tallplatte 5 steht mit dent Pol der Spannungequelle 6 ill 
Wirkungsyerbindung* Per andera Pol der Spannungequelle 6 
iat mit dam Behttlter 1 _ ver bu^en, ^ 

eine Jnertgaszuleitung 9 mit einem Ventil 10 angebracht. 

Pie Wirkungaweiae dea Verfahrene iat folgende, 
Puroh die Pruokdif fereriz z wis one n Plaamareaktor und Va- 
kuumpumpayatem werden die im Plaamareaktor bairn Atepro- 
zeB anf allenden Gaee und Pttmpf e in den Behttlter 1 trans- 
port iert. Mitt els der Spannungsquelle 6 wird im Behttlter 
1 ein Plaama erzeugt, welohea aioh zwiachen der Metall- 
platte 5 und Behttlterinnenwand allaeitig ausbildet. 
Purch dieses reaktive Plaama wird die Metallplatte 5 auf- 
geheizt und standig abgeetttubt. Beeteht z. B, die Metall- 
platte aua Eiaen, ao reagieren die chlorhaltigen Verbin- 
dungen dea Atzprozefiabgasea zu Eisen-(III)-ohlorid. Auf- 
grund dea.durch daa Plaama eintretende Ionenbombardementa 
der Oberflachen der Metallplatte 5 wird von dieaen Flttchen 
etandig Material abgetragen, Piea ftlhrt zu einer stttndigen 
Erneuerung der Oberf lttchen und zur Erwttrmung der Metall- 
platte 5. Pie Erwttrmung der Metallplatte 5 (Eieenplatte). 
wird unter dem Siedepunkt dea Eiaen-(III)-ohlorids ge- 
bait en, eo dafl aioh dieaea ale feater Beatandteil an den 
Wttnden dea topff tSrmigen Behfilters 1 niedersohlttgt. Naoh 
lttngerer Betriebsdauer wird das Reaktionamaterial er- 
neuert und der Behttlter 1 von den angefalienen Reaktions- 
produkten gereinigt. Hierzu braucht nur der Peokel 2 vom 
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den^Befiaiter "1 eJ^afiradKt *Trden. 

Ala Reaktionamaterial kBnnen an Stella von Eiaen auoh 
andere Metalle, wie z. B. Aluminium, Kupfer ubw. einge- ' 
aetzt warden* Duroh ZufUhrung einea Inertgaaes tritt 
eine ErhUhung dee RelnlgungeprozeBaee im BehMlter 1 in, 
da Bioh daduroh gleiohzeitig die Energiezufuhr erhtiht. 
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86-089299/14 
C86-037976 

Reactive trap for corrosive gas floui line - upstr am 
of pump has fibrous mesh r active el ment in housing 
J0I 

(MUND/) MUNDT R, (MUND/) MUNDT R S 
MUNDT RS 

84.09. 17 84US-65I57I 
3 patent(s) 13 country(s) 
EP- 176895 A 86.04.02 • (8614) E 28p 

BE CH DE FR GB IT LI LU NL SE 
A 86.04.22 (8622) 
A 92.08.11 (9235) 
EP- 166846; JP52056077, 
A3. . .8801 , No-SR.Pub 



8p B0ID-053/34 
US3875068 



85.09. 17 
84.09. 17 



R.. AT 
JP6 1 078423 
US5I3770I 
DE2038272, 
I . Jnl .Ref , 
85JP-203589 
84US-65I57I 
B0ID-053/34 
EP- 1 76295 A 

A trap for use between a corrosive gas source and a 
pump to reduce corrosivity comprises a housing ui i th a 
fibrous mesh reactive element betuieen inlet and 
outlet, and a heater adjacent to the mesh for heating 
the gas by inducing a flow discharge in it to form a 
plasma. There is pref. a valved' connection for 
selectively mixing a chemically reactivegas with the 
corrosive gas. 

There is pref. a control responsive to plasma 
temp, and mixed gas pressure to operate the valve and 
vary the ratio of the gases and to operate the heater 
to maintain a set temp, there is pref. a second mesh 
forming a condensing member downstream of the f 
element. The member pref. includes aluminium, the 
element iron or z i rconium. and the reactant gas is 
ox i d i s i ng . 

USE/ADVANTAGE - E.g. for I out -pressure mfg. 
processes and to remove CI- and F -based corrosives, 
is safe efficient and relatively inexpensive.. (28pp 
Du»g.No.0/3) 
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85-074873/13 

C85-032657 

N85-0560I2 

Plasma waste gases cleaning - by passing across 
plasma betuieen reactant plate and vacuum container 
wa I I s 

J0I L03 UI I 

(ZFTM ) VEB ZFT MIKROELEKTRONIK FORSCH TECH 
RANSCH C 

83 . 05 . 30 83DD-25I388 

I patent(s) 1 country(s) 

DD-215706 A 84.11.21 . (8513) 8p 

83DD-25I388 83705.30 

B0 ID -053/34 

DD-215706 A 

The waste gases from plasma appliances, e. 



from the 



&0 =^> SsvfcS. 



plasma-ch mica I tching operation of silicon 
substrates in the micro-electronic industr yT are 
c I aned by pass i ng them i n an evacuated container 
ov r a reactant material jn presence o f nn inert 
gas . fl plasma is maintain d b tin ~n contain r and 
reactant material so that the latter is heated and 
its contact surfaces are constantly reneiued. 

ADVANTAGE - This requires less energy and less 
maintenance to clean the waste gases more 
efficiently. (0/1) 
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.Exhaust gas processing appts. 



for processing exhaust 



gas - including hydrogen sulphide, nitrogen cpds. 
etc. by arc discharge . NoAbstract 
E3G J0I Q73 

(SHIF ) SHIN MEIWA INO CO LTD 

81 .09. 10 8 IJP-I43556 

2 patent(s) I country(s) 

JP580457I8 A 83.03. 17 . (8317) 4p 
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JP9 I 009768 B 91.0212 (9110) 
8IJP-I43556 81 09 10 
B0IB-053/32 B0ID-053/32 F23G-007/06 



-4- (WPAT) 
ACCESSION NUMBER 
TITLE 



DERWENT CLASSES 
PATENT ASSIGNEE 
PRIORITY 
NUMBERS 

PUBLICATION DETAILS 



SECONDARY INT 1 , 
ABSTRACT 



CLASS . 



8I-08977D/0G 

Gas discharge reactor for removing toxic components 
etc. - comprises opposed electrode plates arranged in 
parallel and spray nozzles for atomising a liq. e.g. 
water 
J0I 

(NIDS ) NIPPON ELECTRON OPTICS LAB 

75. 12.25 75JP- 153944 

2 patent(s) I country(s) 

JP8I00II33B 81 .01 . 12 « (8106) 

JP52078I76 A 77.07.01 (8106) 

B0ID-0I9/08 B0ID-053/34 

JP8I00I 133 B 

A device for discharging a gas flowing in a gas flow 
area is claimed. The discharged gas is used for 
removing harmful or dirty gas components. The device 
comprises opposed electrode plates arranged in 
parallel to form gas passages between them, and spray 
nozzles for atomising a liq. such as water, so that 
the gas passes through dry and then wet atmospheres 
discharge fields. (J52078I76). 
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Treatment of waste gas generated from semiconductor 
prodn. - by oxidising with oxygen or hydrogen 
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(FUIT ) FUJITSU LTD 
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Verfahren zum Relnigen von Gaaen und Dampfen aua 
Plaemaanlagen, wi£ z, B. von Abgaaen, die botm 
plaBmaohemiBohen Atzen von Si-Substraten anf alien, 
gekennzeiohnet dadurohr -dafl die Abgaae zwieohen 
Plaaioareaktor und VakuumpumpayBtem in bereita vorge- 
aohlagener Weiae tiber ein Reaktionamaterial geleitet 
warden, welohes duroh Beauf Bohlagung mi t tela einee 
Plaamaa . au*geh.eizt und abgeetkubt wird , woduroh a ioh 
die KontaktflBohen dee Reaktionamaterlala atandig er- 
neuern. 

Verfahren zum Relnigen von Gaaen und Dampfen naoh 
Punkt 1, gekennzeiohnet daduroh, dafl zur Regelung 
dee Reinigungsverfahrena dem reaktiven Plaama ein 
regelbarer Inertgaaatrom zugemisoht wird. 

Verfahren zum Reinigen von Gaaen und Dampfen naoh 
Punkt 1 und 2, gekennzeiohnet daduroh, dafl ala Reak- 
tionamaterial Eisen mit flSohiger Geometrie einge- 
aetzt wird* 

Vorrichtung zum Reinigen von Gaaen und Dampfen, be- 
atehend im weaentliohen aua einem topff brmigen BehBlter 
mit Ein- und Aualafletutzen, in dem daa Reaktionamate- 
rial enthalten iat, zur DurohfUhrung dea Verfahrena 
nach Punkt 1 bia 3, gekennzeiohnet daduroh, dafl ale 
Reaktionamaterial eine Metallplatte (5) uber eine 
iaolierte DurohfUhrung (4) im topff Brmigen BehSlter 
(1) angeordnet iat und dafl die Metallplatte (5) mit 
einem Pol einer Spannunga quelle (6) und der topffOr- 
mige Beh&lter (1) mit dem anderen Pol der Spannunga- 
quelle (6) verbunden iat. 

Vorrichtung naoh Punkt 4 f gekennzeiohnet daduroh, dafl 
die Metallplatte (5) aus Eiaen beateht. 
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METHOD AND DEVICE FOR THE PURIFICATION OF GASES 
AND VAPORS FROM PLASMA INSTALLATIONS 

(57) The purification method in accordance with the invention is 
used for the purification of exhaust gases from the plasma 
process, which gases originate in the case of plasma 
installations!, such as, e.g., in the case of plasma- chemical 
etching of substrate for the microelectronics. It is an object of 
the invention to purify with a high degree of efficiency 
deleterious ceases and vapors , accumulating over the course of 
plasma- chemical etching. The essence of the invention consists in 
the fact thai: the gases and vapors are conveyed between plasma 
reactor and vacuum pump system by means of a reaction material, 
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which is heat 3d, by being subjected to the action of a plasma, 
and dedusted or wiped off the dust, as a result of which the 
contact surfaces of the reaction material are continuously- 
renewed . 

* 

* * 
* * 

Area of Application of the Invention 

The purification method in accordance with the invention is 
used for the purification of exhaust gases from the plasma 
process, which originate in plasma installations, such as, e.g, 
in the case of plasma -chemical etching of substrate for the 
microelectror.ics . 

Characteristic of the Known Technical Solutions 
The puri.f ication of gases and vapors, originating in the 
case of plasm- chemical etching processes, is required prior to 
the entrance into the pump system, which sucks off these gases 
and vapors, :.n order for the vacuum pumps to be protected against 
corrosion. In addition to this, it is required that these 
partially to;cic gases and vapors are purified for reasons related 
to the protection of the environment. 

A known method for the purification of the gases and vapors 
consists in i;hat a deep- cooling [low- temperature] trap is 

2 
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arranged between plasma reactor and vacuum pump, in which 
deep- cooling trap the gases and vapors are converted to the solid 
state of aggregation. That method has the disadvantage that for 
the purpose cf purification of the deep-cooling trap, the frozen 
gases and vapors are brought once again in the vapor phase, and 
should be withdrawn by means of a separate exhaust -gas system. In 
that case, tie required continuous replacement of the deep- 
cooling medium is also disadvantageous. 

It has already been proposed (WP B 01 D/238 797) , to convert 
the chlorine compounds, accumulating in the case of the 
plasma- chemical etching process of aluminum with the help of 
carbon tetrachloride [tetrachloromethane] , on an iron surface 
(iron filings) heated to about 500°C, into iron (III) chloride. 
That method, which is perfect to the purification of such exhaust 
or waste gases has the disadvantage that it requires a great 
energy input, in order for the necessary reaction temperature of 
about 500 °C to be maintained. Another imperfection consists in 
that due to the high temperatures, the iron (III) chloride 
vaporizes, and is evacuated by being concurrently pumped off. 
Therefore, a contamination of the operating fluid [pump oil] 
cannot be prevented. Moreover, in view of the high temperatures, 
yet another oooling device should be installed in front of the 
vacuum pump. 

Object of the Invention 
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It is an object of the invention to purify with a high 
efficiency the harmful gases and vapors, accumulating in the case 
of plasma- chemical etching. 

Explanation of the Essence of the Invention 

The task to create a method and a device, corresponding 
thereto, for the purification of gases and vapors, which 
accumulate ir. plasma installations, such as, e.g, in the case of 
plasma- chemical etching of Si -substrates, which method allows 
that these gases and vapors are formed in a way, which requires 
an essentially low energy input and low maintenance, and is 
efficient, forms the basis of the invention. 

In accordance with the invention, this task is resolved in 
such a way that the exhaust or waste gases are conveyed in 
already proposed way between plasma reactor and vacuum pump 
system by mea.ns of a reaction material, which is heated and 
dedusted as a result of being acted upon by a plasma, as a result 
of which the contact surfaces of the reaction material are 
continuously renewed. In an advantageous way, a controllable or 
adjustable f:.ow of inert gas is added to the reactive plasma for 
the purpose of a control of the purification method. Iron, having 
plane geometrry, is preferably used as reaction agent. 

For the carrying out of the method in accordance with the 
invention, a pot -shaped container is used, which contains the 
reaction agent, which pot -shaped container is characterized in 
that a metal plate, in its capacity as reaction agent, is 

4 
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arranged in the pot- shaped container by means of an insulating 
bushing, and that the metal plate is connected with one pole to a 
source of voltage and the pot -shaped container is connected with 
the other pole to the source of voltage. 

The advantages of the solution in accordance with the 
invention corsist in that the reaction material is heated up and 
simultaneously dedusted by means of the reactive plasma, as a 
result of which essentially less energy is required for the 
heating of tl.e reaction material than in the case of the known 
heating methods so that besides iron, other materials, such as 
e.g., Al or Cu, can also be used. Moreover, the purification 
process is improved as a result of the continuous dedusting of 
the reaction surfaces. 

Exemplified Embodiment 

For the materialization of the method in accordance with the 
invention, the device, represented in the drawing, is used. 

For th(j sake of simplicity, the method is elucidated by 
means of the mode of operation of the device. 

The purification unit consists of the pot- shaped container 
1, which is closed by means of the lid 2 and vacuum seal 3. In 
addition to :his, the container is provided with a inlet 
connecting b::anch 7 and an outlet connecting branch 8. .By means 
of these inl<3t and outlet connecting branches, the purification 
unit if the exhaust or waste gas pipeline of a plasma 
installation, which is not represented, is arranged so that it is 

5 
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located between plasma reactor and vacuum-pump system. In the 
container 1, the reaction material, consisting of a metal plate 
5, is isolated with respect to the container 1 by means of the 
insulting bushing 4. The metal plate 5 is operationally connected 
to the pole cf the voltage source 6. The other pole of the source 
6 of voltage is connected to the container 1. An inert -gas supply 
pipe 7 having a valve 10 is installed on the inlet connecting; 
branch 7 . 

The mode of operation of the method is as follows. 

As a result of the pressure difference between plasma 
reactor and -vacuum pump system, the gases and vapors, 
accumulating in the plasma reactor over the course of the etching 
process, are conveyed into the container 1. With the help of the 
power source 6, a plasma is generated in the container l r , which 
plasma is built up on all sides between the metal plate 5 and the 
inner wall system of the container. By means of this reactive 
plasma, the metal plate 5 is heated up, and is continuously 
dedusted. If the metal plate consists, e.g., of iron, then the 
chlorine -containing compounds of the etching-process waste -gas 
react or are converted into iron (III) chloride. Due to the ion 
bombardments of the surfaces of the metal plate 5, which ion 
bombardments occur as a result of the plasma, material is 
continuously removed from theses surfaces . This leads to a 
continuous renewal or regeneration of the surfaces, and to 
heating of the metal plate 5. The heating of the metal plate 5 
(iron plate) is kept under the boiling point of the iron (III) 
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chloride so that the latter precipitates as solid component on 
the walls of the pot-shaped container 1. After longer operating 
time, the reaction material is regenerated, and the container l 
is cleaned from the accumulated reaction product. To this end, it 
is necessary that the lid 2 is merely detached from the container 
l, and a new netal plate 5 is installed into the container 1. 

Instead of iron, other metals, such as aluminum, copper, 
etc, can also be used as reaction material. As a result of the 
introduction of an inert gas, an acceleration of the purification 
process takes place in the container 1, because as a result of 
this the energy input also increases. 

CLAIMS 

1. Method for the purification of gases and vapors from 
plasma installations, such as, e.g., waste or exhaust gases , 
which accumulate in the case of plasma- chemical etching of Si- 
substrates, characterized in that the waste gases are conveyed 
in already proposed way between plasma reactor and vacuum-pump 
system by means of a reaction material, which is heated up and 
dedusted as a result of being acted upon by a plasma, as a result 
of which the contact surfaces of the reaction material are 
continuously regenerated or renewed. 

2. Method for the purification of gases and vapors as claimed 
in claim 1, characterized in that for the purpose of control of 
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the purification process, a controllable flow of inert gas is 
added to the reactive plasma. 

3. Method for the purification of gases and vapors as 
claimed in claims 1 and 2, characterized in that iron, having 
plane geometry, is used as reaction material. 

4. Device for the purification of gases and vapors, 
essentially consisting of a pot-shaped container having inlet and 
outlet connecting branches [pipelines] , which container contains 
the reaction material, and is used for the carrying out of the 
method in accordance with the claims 1 thru 3, characterized in 
that in its capacity as reaction material, a metal plate (5) is 
arranged in the pot -shaped container 91), and that the metal 
plate (5) is connected with a pole to a source of voltage (6) and 
the pot -shaped container (1) is connected with the other pole to 
the source of voltage (6) . 

5. Device as claimed in claim 4, characterized in that the 
metal plate (5) consists of iron. 

US PATENT & TRADEMARK OFFICE 
Translations Branch 
November 3, 3 998 
John M Koytcheff 
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